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Superconductivity of Mg/MgO interface formed by shock-wave pressure
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A mixture of Mg and MgO has been subjected to a shock-wave pressure of ≃ 170 kbar. The
ac susceptibility measurements of the product has revealed a metastable superconductivity with
Tc ≈ 30K, characterized by glassy dynamics of the shielding currents below Tc. Comparison of
the ac susceptibility and the dc magnetization measurements infers that the superconductivity
arises within the interfacial layer formed between metallic Mg and its oxide due to the shock-wave
treatment.
PACS numbers: 74.70.Ad , 74.25.Ha, 74.25.-q, 61.05.cp, 82.80.Ej
I. INTRODUCTION
Interfacial superconductivity is one of the emergent
phenomena that appears at the boundary between some
materials, even insulators, as a consequence of a large
change of physical properties of these materials at the
interface, compared to their properties in the bulk.1–3 It
has been experimentally evidenced since the 1950’s and
60’s that specifically fabricated thin layers of some super-
conductors (e.g. sputtered onto a cold substrate of sand-
wiched between non-superconducting materials) demon-
strate a higher superconducting transition temperature,
Tc, compared to that in the bulk.
4–9 However, it took sev-
eral decades before the necessary technologies providing
wide abilities of fabricating two-dimensional heterostruc-
tures controlled on the molecular and atomic scale were
developed, which enabled the creation of many novel ma-
terials on the basis of interfaces.10,11
The superconducting interfaces known currently,
belong to the families of semiconductor/semiconductor
interfaces based on different chalcogenides,12–15 insu-
lator/insulator interfaces based on LaAlO3/SrTiO3
and related systems,16,17 as well as metal/insulator
interfaces based on complex oxides such as
La1.55Sr0.45CuO4/La2CuO4.
18 The origin of the in-
terfacial superconductivity is not completely understood
yet. Moreover, there are only few examples of the
interfacial superconducting layer with Tc higher than
in the bulk optimally doped samples.2 The complexity
of the used oxides makes the issue even more obscure.
Therefore, discovery of superconducting interfaces
formed by simplest non-superconducting substances
could illuminate the issue by revealing the key factors
responsible for the interface superconductivity.
Mg/MgO system formed by thermal surface oxidation
of bulk metallic Mg samples, is one of the first of such
elementary systems where the interface between non-
superconducting constituents has been reported to su-
perconduct at 39-54K.19,20 Historically, this experiment
was motivated by earlier efforts to increase Tc = 39K
in magnesium diboride, MgB2, by heating it in the pres-
ence of alkali metals. The efforts failed for pure MgB2,
but resulted in Tc up to 45-58K for the mixture of MgB2
and MgO,21 which was attributed to metal/metal oxide
interfaces formed by alkali metal chemical reduction of
MgO inclusions. The above experiments have shown also
an instability of the superconducting Mg/MgO-interface
at room temperature. Superconductivity of a Mg/MgO
sample, vacuum-encapsulated in quartz ampoule, decays
gradually during its exposure to room temperature, while
storing the ampoule in liquid nitrogen prevents the sam-
ple degradation infinitely long. This suggests the im-
portance to quench the non-equilibrium sample to low
temperature in order to stabilize the superconducting
Mg/MgO-interface.19,20
Such instability of the non-equilibrium superconduct-
ing Mg/MgO-interface under normal conditions has mo-
tivated our attempt to create it using shock-wave pres-
sure. During the shock-wave impact, a stroke applied
to the sample creates a series of strong high-pressure
shock-waves propagating throughout the sample due
to relative displacements of local parts of the sample
material.22–24 Highly non-equilibrium conditions thus re-
alized, can stimulate phase transitions or mechanochem-
ical reactions inaccessible in a static pressure mode.25,26
Furthermore, the energy of the shock wave rapidly prop-
agating through the sample within 10−6 – 10−9 s,22–25
leads to local non-equilibrium overheat of the sample’s
regions at the shock wavefront, followed by their rapid
cooling (quenching) as the shock-wave is passed. Such
quenching can provide room-temperature stabilization of
metastable non-equilibrium phases, unstable otherwise
under normal conditions.
In this paper we report on metastable superconductiv-
ity at ≈ 30K revealed by the ac magnetic susceptibility
measurements of the mixture of Mg and MgO subjected
to shock-wave pressure of ≃ 170 kbar.
II. EXPERIMENTAL
A. Sample preparation
The samples were prepared using flat-type shock-wave
pressure setup, machined of X18H10 stainless steel, de-
2FIG. 1: Layout of the shock-wave pressure setup. (1) - sam-
ple, (2) - conservation cell, (3) - guard ring, (4) - impactor.
scribed earlier in Refs. 25,26. The starting samples were
tablets, 9.6mm in diameter and 0.9mm thick, prepared
of 99.99%-pure metallic magnesium covered by 0.2mm
layer of powdered, 10 - 50µm grain size, 99.99%-pure
magnesium oxide, MgO. Prior to the shock-wave pres-
sure treatment, the samples were compacted to reduce
porosity using static pressure up to 0.3 kbar.
Layout of the shock-wave pressure setup is shown in
Fig. 1. Compacted sample (1) reside in conservation cell
(2) placed inside guard ring (3). Aluminum impactor (4)
accelerated up to 1.05 km/s by explosion products hits
the cell lid. During the impact, the pressure is moni-
tored by manganin pressure gauges, whereas the average
temperature of the sample is estimated by P–V –T state
equations of MgO and Mg.27,28
Within microseconds, the impact generates in the
sample a series of consecutive planar shock-waves of
pressure.25 Due to energy dissipation processes in the
shock-wave, the sample is heated. The heating is con-
trolled by adjusting the shock-wave setup. For prepar-
ing the superconducting Mg/MgO-samples, the optimum
value of the shock-wave pressure, within 1Mbar range,
was found 170kbar, which corresponds to an upper esti-
mate of 340K for the average temperature of the sample.
After the shock-wave pressure treatment, the conser-
vation cell was cut open and the samples were extracted.
The photographs of the shock-wave setup before and af-
ter the impact are shown in Fig. 2. The extracted sam-
ples were vacuum-encapsulated into 5 cm-long quartz am-
poules having 0.9mm-thick walls and 6mm outer diame-
ter, and stored in liquid nitrogen to prevent their degra-
dation under normal conditions.
B. Measurements
The samples were studied by measuring the dynamic
magnetic susceptibility, χ = χ′ − iχ′′, using a mutual
FIG. 2: Photographs of the unassembled virgin shock-wave
pressure setup (a) and cut-open conservation cell after the
shock-wave impact (samples extracted) (b). (1) - sample
wells, (2) - conservation cell, (3) - guard ring.
inductance ac susceptometer,29 mounted inside a vari-
able temperature insert. To avoid sample degradation,
the measurements were done without unsealing the am-
poules. The ampoule with the sample was placed inside
one of the two identical pick-up coils positioned coaxially
inside a long excitation coil that provided a uniform ac
drive magnetic field at the sample position. ac voltage
induced in the pick-up coils was fed to the differential
input of a two-channel lock-in amplifier capable of segre-
gating the in-phase,χ′, and an out-of-phase, χ′′, compo-
nents of the ac susceptibility.The amplitude Hac of the
driving field ranged from 0.23 to 3.78Oe, the driving fre-
quency ν from 312Hz to 20 kHz, and the superimposed
dc magnetic field Hdc up to 170Oe. The susceptometer
was calibrated using ac susceptibility responses to the
superconducting transitions in lead and niobium sam-
ples shaped similarly to the samples in study. An MgB2
sample sealed in a similar quartz ampoule has shown the
ac susceptibility response to the superconducting tran-
sition at 39K, confirming correct thermometry of the
measurement setup. The static magnetic moment of the
Mg/MgO-sample sealed in the evacuated quartz ampoule
was studied by SQUID magnetometer in the temperature
range 5 - 70K.
Crystal structure of the samples was investigated in
the temperature range 80 – 300K by X-ray diffraction
measurements using Oxford Diffraction Gemini R diffrac-
tometer, MoKα radiation, equipped with a cooling sys-
tem that enables the measurements in the flow of cold
nitrogen gas. For the diffraction measurements, the
sample was extracted from the quartz ampoule in the
ambience of liquid nitrogen and rapidly (within 5 -10 s)
mounted onto the precooled goniometer of the diffrac-
tometer. Chemical composition of the samples was ana-
lyzed by energy dispersive X-ray microanalysis using Ox-
ford INCA spectrometer.
3III. EXPERIMENTAL RESULTS
Typical diffraction pattern of the shock-wave pressure
treated Mg/MgO-sample recorded at T = 80K, is shown
in Fig. 3. All the diffraction rings in the observed pat-
tern are a superposition of the patterns from polycrys-
talline MgO (a = 4.213 A˚, space group Fm-3m) and Mg
(a = 3.209 A˚, c = 5.211 A˚, space group P63/mmc) crystal
structures.30
FIG. 3: X-ray diffraction pattern for the shock-wave pressure
treated Mg/MgO-sample in MoKα radiation. The complete
diffraction ring set is a superposition of the patterns from
polycrystalline MgO and Mg crystal structures.
Each cycle of χ measurements started from a cool-
down of the Mg/MgO-sample to 4.2K. Next, Hac was
switched on to enable the susceptibility measurements.
These measurements at constant T = 4.2K have shown
that χ decays monotonously in time t towards enlarge-
ment of diamagnetism, revealing a dynamics similar to
spin glass behavior.31 Curve 1 in Fig. 4 illustrates the
4piχ′(t) dependence measured at frequency ν = 5.4 kHz
at Hac = 0.6Oe and Hdc = 0. 4piχ
′(t) was found to
relax exponentially to a ground diamagnetic state as
a + b exp(−t/τ) (shown in Fig. 4 by a solid line) where
a, b and τ are fit parameters. The fits to χ′(t) curves
measured at frequencies from 0.312 to 20 kHz, give the
same time constant τ = 19.9min to within 1%.
After a one-hour (∼ 3τ) delay at T = 4.2K, χ′(T ) was
measured upon heating at the rate of 1-1.5K/min. No
visible change of the measurement result was found with
a slower heating rate. The measured 4piχ′(T ) is shown
by Curve 1 in the Inset of Fig. 4. The drop in 4piχ′(T ) at
4.2 K corresponds to the decay of χ′(t), Curve 1 in Fig. 4.
As the temperature increases, a step-like rise of χ′(T ) is
observed at Tc = 29K, signifying a phase transition in
the sample at this temperature. In order to exclude the
influence of the χ(t) relaxation processes on the χ(T )
measurements, all subsequent χ(T ) measurements were
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FIG. 4: Time evolution of 4piχ′ at T = 4.2K for the vacuum-
encapsulated shock-wave treated Mg/MgO-sample (Curve 1)
and for the same sample exposed to room temperature for
10 hours (Curve 2). Solid curve: fit to Curve 1 in the form
a + b exp(−t/τ ), where a, b and τ are fit parameters. Inset:
Temperature dependencies of 4piχ′ measured before (Curve 1)
and after (Curve 2) the sample exposure to room temperature.
The measurements were performed at ν = 5.4 kHz, Hac =
0.6Oe, Hdc = 0.
performed according to the described measurement cycle.
Fig. 5 shows the temperature dependencies of 4piχ′
and 4piχ′′ measured at frequencies from 0.312 to 20 kHz.
One can see in Fig. 5 that Tc is essentially frequency-
independent, unlike the shapes of the 4piχ′(T ) and
4piχ′′(T ) responses to the phase transition, which change
dramatically with the frequency.
Temperature dependencies of χ measured in a static
magnetic field, Hdc, are shown in Fig. 6. According to
Curves 1-3, an increase in Hdc suppresses the anomaly
in χ(T ). Increasing the driving ac field amplitude, Hac,
gives a similar effect as shown in Fig. 7.
In contrast to the ac susceptibility, the dc magne-
tization of the shock-wave pressure treated Mg/MgO-
samples measured using a SQUID magnetometer in a
standard zero-field-cooled and field-cooling regimes re-
vealed no sign of the magnetic anomaly. At tempera-
tures from 5 to 70K, the sample was found non-magnetic,
demonstrating a nearly temperature-independent mag-
netic moment m ∼ 10−6 − 10−5 e.m.u. in fields Hdc =
30− 300Oe, respectively.
After completion of the ac susceptibility measurement
series described above, the insert with the Mg/MgO-
sample was finally removed from the cryostat and kept
for ≈ 10 h at room temperature. The following χ mea-
surements have shown, first of all, no time dependence of
χ′(t) at 4.2K, see Curve 2 in Fig. 4. Furthermore the T -
dependence of χ′ of the room-temperature-matured sam-
ple does not exhibit a step-like anomaly (see Curve 2
in the Inset of Fig. 4) and is independent on Hac and
Hdc, within the ranges used previously. Moreover, now
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FIG. 5: Temperature dependencies of the real (a) and imag-
inary (b) parts of 4piχ for the Mg/MgO-sample measured at
frequencies 0.312, 0.923, 1.53, 3.12, 5.4, 7.69, 10 and 20 kHz
(Curves 1 to 8, respectively). Hac = 0.6Oe, Hdc = 0.
4piχ′(T ) and 4piχ′′(T ) (Curve 2 in the Inset of Fig. 4,
Curves 4 in Fig. 6 and Curves 5 in Fig. 7) practically co-
incide with those of pure magnesium sample subjected to
the shock-wave pressure treatment under the same condi-
tions. This denotes that the phase, which appeared in the
Mg/MgO-sample during the shock-wave pressure treat-
ment and which is responsible for the described anomalies
in χ(T ), is unstable at room temperature.
IV. DISCUSSION
A. Evidence of metastable superconductivity
We first focus on the sharp drop in χ′(T ) observed
in the shock-wave pressure treated Mg/MgO-sample at
Tc = 29K (Curve 1 in the Inset of Fig. 4), accompanied
by a sharp anomaly in 4piχ′′(T ) (Fig. 5). The response
to the ac magnetic field is a function of the skin depth,
δ ∝ 1/√σµν, where σ is the conductivity and µ is the
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FIG. 6: Temperature dependencies of the real (a) and the
imaginary (b) parts of 4piχ for the Mg/MgO-sample mea-
sured under the dc magnetic field Hdc = 0, 84Oe and 168Oe
(Curves 1 to 3, respectively). Curves 4 correspond to the same
sample exposed for 10 hours to room temperature. The mea-
surements were performed at ν = 5.4 kHz in Hac = 0.23Oe.
magnetic permeability of the material. According to the
dc magnetization measurements, the Mg/MgO-samples
are nonmagnetic (µ ∼ 1) showing no anomalies in the
range 5-70K. Therefore, the only reason for the observed
change in χ′(T ) is the temperature dependence of the
electric conductivity of the sample. The observed drop
in χ′(T ) denotes that the conductivity rises steeply at
Tc ≈ 29K as the temperature decreases, and we suppose
that this is a superconducting transition.
This assumption is supported by the observed field de-
pendencies of the anomaly in χ(T ). The χ(T ) measure-
ments in a static magnetic field, Hdc, demonstrated the
suppression of the χ(T ) anomaly observed at Tc ≈ 30K,
Hac = 0.23Oe, Hdc = 0Oe, both in size and in the tran-
sition temperature, with increasing Hdc (Curves 1-3 in
Fig. 6). Increasing the amplitude of the excitation field,
Hac, gives a similar effect, see Curves 1-4 in Fig. 7. The
χ′(T ) and χ′′(T ) dependencies presented in Figs. 6 and 7
are typical for superconducting materials32,33 which im-
plies a superconducting transition in the Mg/MgO sam-
ple.
None of the constituents of the sample, neither metal-
lic Mg nor MgO are superconductors in the bulk. More-
5-0.40
-0.32
-0.24
15 20 25 30 35
0.31
0.32
0.33
(b)
(a)
4
"
 
 
4
'
12
34
5
 
 
T, K
1
2
3
4
5
FIG. 7: Temperature dependencies of the real (a) and the
imaginary (b) parts of 4piχ for the Mg/MgO-sample measured
with the amplitude of the ac driving field Hac = 0.23, 0.6Oe,
1.5Oe and 3.78Oe (Curves 1 to 4, respectively). Curves 5
correspond to the same sample exposed for 10 h to room tem-
perature. The measurements were performed at ν = 5.4 kHz
in Hdc = 0.
over, none of them taken separately and subjected to
the shock-wave pressure treatment under the same con-
ditions, demonstrate any anomaly in χ(T ). We believe
therefore that the superconductivity in the shock-wave
treated Mg/MgO sample is related to the interfacial layer
formed between MgO and metallic Mg phases.
According to the results of both the ac susceptibil-
ity and the dc magnetization measurements, the super-
conducting interface in the Mg/MgO-sample does not
form a closed superconducting surface capable of trap-
ping the magnetic flux and keeping it constant, but rather
consists of weakly linked granular superconducting two-
dimensional islands.
First of all, that explains why the superconducting re-
sponse is not detectable in the zero-field-cooled regime of
the dc magnetization measurement, owing to the rapid
decay of the surface shielding current after applying the
dc magnetic field. On the contrary, in the ac mode the al-
ternating magnetic field maintains the shielding current
enabling to detect superconductivity even in discontin-
uous, energy dissipative superconducting loops formed
by small, compared to the London penetration depth,
weakly linked superconducting clusters.
Secondly, at temperatures well below Tc, 4piχ
′(T ) >
−1 and χ′′(T ) > 0 (Figs. 5 - 7) which indicates an im-
perfect ac shielding, because a closed superconducting
surface assumes 4piχ′(T ) = −1 and χ′′(T ) = 0. Non-
zero χ′′ at T ≪ Tc means that the superconductivity in
the Mg/MgO-sample is accompanied by energy dissipa-
tion, which may take place in a granular superconducting
structure due to inter- and intra-grain flux motions. Be-
sides, systematic Y-axis shift of the χ′′(T ) with frequency
(Fig. 5 (b)) reveals a considerable normal current contri-
bution to the energy dissipation due to partial penetra-
tion of the ac magnetic field into the metallic magnesium
core of the sample.
We believe therefore that the superconductivity in the
Mg/MgO interfacial layer is formed by thin, compared to
the London penetration depth λ, superconducting islands
embedded into a non-superconducting host matrix and
weakly coupled to each other by the proximity effect (if
the host is metallic magnesium) or Josephson tunnelling
(for the MgO host).
A typical elemental distribution at the Mg/MgO-
interface is shown in Fig. 8. Substantial change of magne-
sium and oxygen concentrations is observed in the range
of ∼ 2µm, representing the thickness of the interface
layer where the superconductivity occurs.
As it was mentioned above, the superconductivity of
the Mg/MgO-sample is unstable at room temperature.
The instability manifests itself as a decay of the su-
perconducting transition after a 10 -hour exposure of
the vacuum-encapsulated sample to room temperature
FIG. 8: Depth distributions of magnesium and oxygen con-
tents in the shock-wave pressure treated Mg/MgO-sample.
Substantial change of magnesium and oxygen concentrations
is observed in the range of ∼ 2µm from the sample surface
(d = 0) demonstrating the interfacial Mg/MgO layer depth.
6(Figs. 6 and 7), as well as vanishing of the time relax-
ation process of the ac susceptibility at 4.2K (Fig. 4).
The reason for such instability is apparently the oxy-
gen/magnesium ionic diffusion processes activated at
room temperature in the Mg/MgO interface, which de-
stroy the superconducting interface.
The T -dependencies of 4piχ′ and 4piχ′′ measured on
the degraded Mg/MgO-sample (Curves 4 in Fig. 6 and
Curves 5 in Fig. 7) are typical for normal nonmagnetic
metals. Namely, at room temperature the skin depth,
δ, of the ac magnetic field at 5.4 kHz in magnesium
is ≈ 1.4mm, which is bigger than the sample thickness
d ≈ 0.9mm. As the temperature decreases, the electric
conductivity of the sample increases monotonically that
leads to a decrease in δ, thus to a monotonic decrease
in χ′(T ).34 At low temperatures, the electric conductiv-
ity of the sample becomes more flat in temperature, and
χ′(T ) sets constant.
In turn, χ′′ characterizes the energy dissipation of the
ac magnetic field in the sample, which is also a func-
tion of δ. The energy dissipation is low at δ ≪ r (high-
conductivity metal) and δ ≫ r (insulator), where r is
the sample depth. In the intermediate region χ′′(T ) has
a maximum at δ ∼ r.34 This broad maximum is seen
on Curve 4 in Fig. 6 (b) and Curve 5 in Fig. 7 (b) at
T ≈ 27K.
B. Superconductive glass
In a granular superconductor, positional disorder of in-
dividual superconducting grains introduces randomness
and frustration into the system, resulting in a glassy be-
havior of the system.35,36 In our experiments, the glassy
behavior of the Mg/MgO-sample is evident from the ob-
served slow dynamics of χ′(t) relaxation into the lower-
energy diamagnetic ground state at 4.2K (Fig. 4). The
relaxation time, τ = 19.9min, was found frequency-
independent in the range 312Hz – 20 kHz. The insen-
sibility of τ to the excitation frequency is presumably
a consequence of a significant time-scale mismatch be-
tween the χ′(t) relaxation process and the ac magnetic
field oscillation period, τ ≫ 1/2piν: the field oscillations
are too fast compared to τ to significantly influence the
χ′(t) process.
The origin of such a long χ′(t) relaxation process is
rather puzzling. It should be related to the granu-
lar structure of the superconducting Mg/MgO-interface
formed by thin, compared to λ, superconducting is-
lands weakly coupled to each other. However, no
clear predictions concerning this dynamics of χ′(t) in a
weak ac magnetic field exist on the basis of approaches
involving collective creep or vortex-glass theories,36
or any of the different models including the critical-
state, superconducting-loop and superconducting-glass
models.33,35–38
Unlike τ and Tc, the value of the ac susceptibility is
strongly dependent on the frequency of the drive field. As
one can see in Fig. 5 (a), the 4piχ′(T ) plot shifts towards
stronger diamagnetism with increasing the frequency, de-
noting a considerable contribution of the normal cur-
rent component to χ′ even at T < Tc. This contribu-
tion is presumably related to weak links such as inter-
grain boundaries separating the superconducting grains,
as well as to normal currents induced in the metallic core
of the sample due to partial penetration of the ac field.
As one can see in Fig. 5 (a), the step in χ′(T ) at 29K
becomes bigger as the driving frequency increases from
0.312 to 5.4 kHz (Curves 1-5) and diminishes with further
frequency increase (Curves 6-8). This can be explained
assuming a superposition of normal and superconducting
shielding currents contributing to χ′(T ) in the granular
superconductor.
Consider first the χ′(T ) response at 29K diminishing
with the frequency (ν ≥ 5.4 kHz, Curves 5-8 in Fig. 5 (a)).
This effect is well known for bulk metallic superconduc-
tors: in a normal metal, increasing the ac magnetic field
frequency leads to diminishing skin depth δ, hence a big-
ger diamagnetic signal. As a result, at high frequency
the normal metal just above Tc is nearly as diamagnetic
as the superconductor just below Tc which makes the
superconducting transition indistinguishable in χ′(T ).
On the other hand, the suggested granular structure
of the superconducting Mg/MgO-interface assumes inter-
granular weak links which can be considered as electric
capacitors connected in series into the shielding super-
current loops. Obviously, the higher is frequency, the
better the superconducting islands are linked, hence the
stronger is the superconducting shielding. Apparently,
this explains the growth of the χ′(T ) response at 29K at
frequencies up to 5.4 kHz (Curves 1-5 in Fig. 5 (a)). The
two competing contributions superimpose in the studied
Mg/MgO-sample to give a maximum of the χ′(T ) re-
sponse to the superconducting transition at ν0 = 5.4 kHz.
The evolution of χ′′(T ) with frequency is even more
complicated, see Fig. 5 (b). At frequencies lower than
ν0 = 5.4 kHz (Curves 1-4) χ
′′(T ) exhibits a step-like rise
at cooling below Tc ≈ 29K, while at higher frequencies
(Curves 6-8) a step-like drop is observed instead. At the
crossover frequency ν0 (Curve 5) a cusp-like anomaly is
observed at Tc.
A possible explanation to such frequency behavior of
χ′′(T ) which reflects energy dissipation in the system, is
vortex dynamics influenced by the ac drive field.36 We as-
sume that the crossover frequency ν0 = 5.4 kHz matches
the vortex system relaxation rate 1/τ0, 2piν0τ0 = 1. At
low frequencies ν ≪ ν0, the ac field oscillations are slow
compared to the vortex relaxation time τ0, which en-
ables the vortices respond to variation of the field. This
gives rise to energy dissipative vortex motion, reflected
in a step-like increase of χ′′(T ) upon cooling through
Tc ≈ 29K (Curves 1-4 in Fig. 5 (b)). At high frequen-
cies ν ≫ ν0, the drive field oscillates too fast to disturb
the vortex system which disables the energy dissipation
through vortex motion. As a result, a step-like decrease
of χ′′(T ) is observed upon cooling through Tc ≈ 29K
7(Curves 6-8 in Fig. 5 (b)), which reflects shielding of the
energy-dissipative interior of the sample by the supercur-
rents.
C. Nature of the Observed Superconductivity
None of the constituents of the sample, neither metal-
lic Mg nor MgO are superconductors in the bulk. More-
over, none of them taken separately and subjected to
the shock-wave pressure treatment under the same con-
ditions, demonstrate any anomaly in χ(T ). We believe
therefore that the superconductivity in the shock-wave
treated Mg/MgO sample is related to the interfacial layer
formed between MgO and metallic Mg phases.
Unlike the χ(T ) dependencies that change dramati-
cally after exposing the sample to room temperature due
to decay of the superconducting fraction, no change has
been detected in the X-ray diffraction patterns of the
Mg/MgO-sample after the room-temperature exposure.
The fraction of the superconducting phase is therefore
too small to be detected by the X-ray diffraction tech-
nique.
One may reasonably suggest ascribing the supercon-
ductivity in the Mg/MgO sample to some unknown su-
perconducting magnesium oxide phase(s), unstable under
normal conditions. However, this phenomenon has been
discovered for other similar objects based on metals of
various groups and their oxides (Na/NaOx, Cu/CuOx,
Al/Al2O3 and Fe/FeOx).
39–42 This indicates the gener-
ality of the observed phenomenon, rather than a unique
property of Mg/MgO-system.
Alternatively, consider nanometer-sized metallic clus-
ters which may spontaneously arise in the metal-oxide in-
terface layer. Delocalized electrons of such cluster form
energy shells similar to those in atoms or nuclei. Un-
der specific conditions providing narrow, partially filled
energy band at the Fermi level, superconducting pair-
ing in such objects is expected to become very strong,
forming a new hypothetical family of high-Tc (>150K)
superconductors.43
Besides, superconducting two-dimensional
metal/oxide interfacial regions of sub-micron size
may spontaneously arise in a relatively thick (∼ 1µm)
boundary layer separating the metal and its oxide. In
such interfaces which play a role of asymmetric confining
potentials in the system of free electrons, the lack of
spatial inversion symmetry may result in a topological
change of the Fermi surface due to the spin-orbit
splitting,44 and lead to the enhanced superconductivity.
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